
The U.S. Geological Survey’s (USGS)
National Water-Quality Assess-
ment (NAWQA) Program collected

or compiled data on ground water from
1926 private wells in rural areas across
the United States from 1986 to 1999.
These private wells, also called domes-
tic wells, are owned and operated by the
homeowners and provide water for house-
hold uses, including drinking, food prepa-
ration, watering lawns and gardens,
bathing, and washing clothes. The sam-
ples from these wells were analyzed for
55 volatile organic compounds (VOCs).

VOCs are important to study because
they have been produced and used in a
variety of commercial and industrial
applications for many decades, and some
VOCs are found in a variety of house-
hold products. VOCs have properties
that allow them to move freely between
the atmosphere, soil, surface water, and
ground water. Some VOCs have feder-
ally established drinking water standards
or health criteria.

This article summarizes the results
of a NAWQA study on VOCs in private
wells (Moran et al. 2002). This study is
important because: (1) few studies have
examined the presence of VOCs in pri-
vate wells; (2) many of these compounds
have human health concerns in drink-
ing water; and (3) VOCs have been
detected widely in ground water resources
including public water supplies.

Although most private wells in this
study did not contain any VOCs, this
assessment is a first step in better under-
standing the state of water quality from
rural private wells. This study will help
identify current contamination issues
associated with private wells and pro-
vide additional information that is needed

to better protect this critical resource
from contamination.

VOC Contamination
in Private Wells

Of the 1926 private wells sampled,
one or more VOCs were detected in 232
wells, or about 12 percent (Figure 1).
This 12 percent detection frequency in
rural private wells is lower than in pub-
lic supply wells sampled by NAWQA,
where 26 percent had one or more VOCs
detected. The higher detection frequency

of VOCs in public supply wells is likely
a result, in part, of the higher pumping
rates and larger areas contributing recharge
to public supply wells compared to pri-
vate wells.

Solvents and trihalomethanes were
the most frequently detected types of
VOCs. Gasoline oxygenates, refriger-
ants, gasoline hydrocarbons, fumigants,
and chemicals used in organic synthesis
were detected less frequently. No indi-
vidual VOC was detected in more than
5 percent of the wells (Figure 2).
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Figure 1. Location of rural, untreated, self-supplied private wells that were sampled for
this study, and the location of wells where at least one volatile organic compound was
detected.



Trichloromethane (chloroform) was
detected in 4.3 percent of the wells. Other
VOCs with detections in more than 1
percent of the wells included methyl
tert-butyl ether (MTBE), tetrachloroethene
(PCE), dichlorodifluoromethane, 1,1,1-
trichloroethane, methylbenzene (toluene),
and 1,2-dibromo-3-chloropropane
(DBCP). The VOCs that were detected
most frequently represent VOCs with
many different consumer uses.

Private wells with detections of VOCs
occurred in 31 of the 39 states from
where samples were collected. It appears
that the distribution of some VOCs in
ground water is related to their geo-
graphic patterns of use. Although the
locations of many private wells with
detections of one or more VOCs are not
geographically clustered, detections of
gasoline oxygenates and fumigants appear
to have geographic patterns of distribu-
tion that correspond to areas where these
chemicals are used most intensively.
Gasoline oxygenates were detected in
five of 18 states with large areas that
have participated in federal programs
where oxygenated gasoline is required
to abate air pollution. Fumigants, which
frequently are used for insect and nem-
atode control in vineyards and orchards,
were detected primarily in the Central Val-
ley of California, an area with emphasis
on this type of agriculture.

The half-life of a VOC, or the time
it takes for one-half of the original con-
centration of the compound to degrade,
is believed to be an important property
that controls the occurrence of VOCs in
ground water. With the exception of
VOCs used in organic synthesis, the
detection frequencies of VOCs were
proportional to the average ground water
half-life of the compounds. This result
supports the contention that half-life is
an important factor in influencing the
occurrence of VOCs in ground water.

Sources of VOCs
to Private Wells

The most common sources of VOCs
to private wells likely are point sources
such as underground storage tanks (USTs),
septic systems, fertilizer applications,
gasoline and chemical spills, pesticide
applications, aboveground storage tanks
(ASTs), pipelines, and sewer lines. Some
rural homes use USTs and/or ASTs for
storing gasoline, diesel fuel, or heating
oil for domestic or agricultural purposes.

Leakage from these tank systems, espe-
cially USTs, has the potential to be a
significant source of ground water con-
tamination to private wells. Leaks from
UST systems usually are the result of
faulty installation and corrosion of tanks
and pipelines (U.S. Environmental Pro-
tection Agency 2000b).

Septic systems, which are common
in rural areas, also have the potential to
be important sources of ground water
contamination to private wells. VOCs
are common components of many house-
hold products and have been found fre-
quently in septage and septic tank efflu-
ent. In fact, seven of the VOCs most
frequently detected in this study have
been found in a variety of household
products that might be disposed in sep-
tic systems. Ground water contamination
from septic systems can arise from a
variety of construction and maintenance
problems such as leaking tanks, poorly
or improperly constructed tanks or leach-
fields, inadequate depth to water table,
or highly permeable soils in the area of
the leachfield. Improperly designed,
maintained, or operated septic systems
can result in ground water contamination
in the vicinity of a private well if the
well is hydraulically connected to shal-
low ground water near the leaking or
faulty septic system.

Shock chlorination might be respon-
sible for detections of chloroform in pri-
vate wells. In this process, household
bleach is added directly to the well to
kill bacteria. The addition of bleach to
ground water results in the formation of
chloroform and similar compounds called
trihalomethanes.

Human Health and VOCs
in Private Wells

Although a relatively large number
of people rely on private wells for water,
the water from these wells is not

scrutinized as closely, from a health
standpoint, as water from public sup-
pliers. The U.S. Environmental Protec-
tion Agency (U.S. EPA) has established
maximum concentration standards or
health criteria in drinking water for 42
of the 55 analyzed VOCs because of
human health concerns such as car-
cinogenicity (U.S. Environmental Pro-
tection Agency 2000a). However, these
federal standards and most state drink-
ing water standards apply only to com-
munity water systems and certain non-
community water systems serving a
minimum number of people. Other con-
centration criteria also have been estab-
lished or proposed for some VOCs to
address concerns of drinking water such
as taste, odor, and color. These other
guidelines include a drinking water advi-
sory for MTBE of 20 to 40 micrograms
per liter (�g/L) and taste and odor thresh-
olds for 32 other VOCs.

In this study, 27 wells, or 1.4 per-
cent, had at least one VOC that exceeded
either a U.S. EPA drinking water stan-
dard or other health criterion or both.
The fumigant DBCP accounted for 57 per-
cent of VOC concentrations that exceeded
a drinking water standard; however, the
maximum contaminant level (MCL) for
DBCP is 0.2 �g/L, which is quite low rel-
ative to the MCLs for other VOCs. Most
of the DBCP concentrations that exceeded
the MCL occurred in the Central Valley
of California where DBCP was used
extensively on vineyards and orchards
before its ban in 1985. Five other VOCs
had one or more concentrations that
exceeded drinking water standards or
health criteria: 1,2-dibromoethane (EDB),
trichloroethene (TCE), PCE, 1,2-dichloro-
propane, and 1,1-dichloroethene (Table
1). Two VOCs—the gasoline oxygenate
MTBE and the fumigant 1,2-dichloro-
propane—had one or more concentrations
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Figure 2. Top ten most frequently detected volatile organic compounds.
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that exceeded a drinking water advisory
or taste and odor threshold (Table 1).

Although concentrations of most
VOCs detected in most private wells
did not exceed drinking water standards
or other health criteria, 13 of the 55 ana-
lyzed VOCs do not have drinking water
standards or health criteria. In addition,

the effects of low concentrations of some
VOCs and the effects of mixtures of
VOCs are not fully understood. Twenty-
eight percent of private wells with detec-
tions of VOCs had two or more VOCs.
Low-level concentrations of VOCs or
mixtures of VOCs may be associated
with significant adverse human health
concerns (Ashford and Miller 1991).
Thus, our understanding of the human
health effects of VOCs in drinking water
from private wells is incomplete.

Information Still Needed
Although the NAWQA Program col-

lected or compiled a large amount of
data, there are many areas of the coun-
try where little information is known on
VOCs in private wells. The areas where
NAWQA information is lacking should
be targeted for future sampling. In addi-
tion, other chemicals, such as nutrients,
pesticides, and trace elements, could be
present in private wells. Samples of
ground water from private wells should
be analyzed for a broad suite of chemi-
cals in order to provide a complete under-
standing of water quality, including the
types of mixtures of contaminants that
occur. Determining the mixtures of con-
taminants that occur in private wells is
important so that toxicologists can eval-
uate the potential health effects of such
mixtures. In addition, NAWQA has not

yet analyzed for microbial contaminants
in private wells, and the presence of
these contaminants can have substan-
tial potential health effects. Monitoring
of private wells for microbial contami-
nants should be conducted at a large
scale in order to characterize the occur-
rence of these contaminants.

It also is important to understand the
sources and transport of contaminants
like VOCs to private wells. Identifying
sources and transport mechanisms will
help in developing strategies to reduce
the risk of contamination. Although
some potential sources of contaminants
and transport pathways can be identi-
fied, additional research will help deter-
mine the natural and anthropogenic fac-
tors associated with contamination. As
an example, research could help to iden-
tify the relative importance of leaking
USTs and septic systems in contam-
ination of private wells and the effect
of hydrogeology. Another important
area that requires investigation is the
relation between shock chlorination and
the formation of chloroform in private
wells. Research of the sources and trans-
port of VOCs to private wells can be
facilitated by the proper and complete doc-
umentation of well construction and
hydrogeologic characteristics of each
well at the time the well is installed.

Continued monitoring of private
wells for natural and anthropogenic
chemicals is important because these
wells are a source of drinking water for
a large number of people in the United
States. Because owners of private wells
are not required to monitor for contam-
inants of concern or contaminants with
health standards or guidelines, they may
not be aware of contamination in their
drinking water. Continued monitoring
and research into the quality of water
from private wells will also bring more
attention to the issues involved with
rural water quality.
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Table 1
Concentrations of VOCs in private wells that exceeded a drinking water

standard, health criterion, or taste and odor threshold

Compound

Drinking water
standard, health

criterion, drinking
water advisory

or taste and odor
threshold (�g/L)

Number of
exceedances

Highest
concentration

measured
in samples

(�g/L)

DBCP 0.2 16 3.2

1,2-dibromoethane (EDB) 0.05 3 1.1

trichloroethene (TCE) 5 3 25

tetrachloroethene (PCE) 5 3 29

1,2-dichloropropane 5 2 19

1,1-dichloroethene 7 1 39

MTBE 201 1 30

1 Lower limit of U.S. EPA’s drinking water advisory
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This article is based on technical
findings presented in USGS Water-
Resources Investigations Report 02-
4085, “Occurrence and Status of Volatile
Organic Compounds in Ground Water
from Rural, Untreated, Self-Supplied
Domestic Wells in the United States,
1986-99.” This report can be purchased
from USGS Information Services, Box
25286 Federal Center, Denver, CO 80225
or fax request to (303) 202-4693. The
report also can be obtained online at
http://sd.water.usgs.gov/nawqa/vocns.
Questions regarding the report should
be directed to Michael Moran at (605)
355-4560, ext. 244, or mjmoran@usgs.gov.
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